The routes of transformation of the simplest bicyclopropylidene into the derivatives of the second and third generations and synthesis of perspirocyclopropanated [3] Aggregates 1-11 with double bonded and spirofused cyclopropane rings have intrigued us for more than 30 years. 1 They all suffer from increased strain 2 and thereby should show unique and enhanced reactivities. 3-5 For bicyclopropylidene (3), this has been demonstrated in a number of ways 6-9 and even quantified by the kinetics of its bromination. 10 Our own first synthesis of 3 8 was not much better than the first published synthesis by Conia et al., 11 but -after a number of improvements had been made by Conia et al. and by our group 12 -eventually we were able to develop a really produc tive synthesis of this unique C 6 H 8 hydrocarbon, which is easily reproducible and also scalable to multikilo gram quantities. 13 In the meantime, we have created ac cesses to the second generation bicyclopropylidene 4 and even the third generation derivative -speaking in terms of dendrimers -5. Modern synthetic methodology makes it possible to go far beyond [3]rotane 1 14 in terms of spiroaggregation up to perspirocyclopropanated [3]rotane 2. 15 
Aggregates 1-11 with double bonded and spirofused cyclopropane rings have intrigued us for more than 30 years. 1 They all suffer from increased strain 2 and thereby should show unique and enhanced reactivities. 3-5 For bicyclopropylidene (3), this has been demonstrated in a number of ways 6-9 and even quantified by the kinetics of its bromination. 10 Our own first synthesis of 3 8 was not much better than the first published synthesis by Conia et al., 11 but -after a number of improvements had been made by Conia et al. and by our group 12 -eventually we were able to develop a really produc tive synthesis of this unique C 6 H 8 hydrocarbon, which is easily reproducible and also scalable to multikilo gram quantities. 13 In the meantime, we have created ac cesses to the second generation bicyclopropylidene 4 and even the third generation derivative -speaking in terms of dendrimers -5. Modern synthetic methodology makes it possible to go far beyond [3] In spite of all the efforts by Zefirov and Kuznetsova et al. in Moscow as well as by our own group, cyclic structure 6 remains elusive. However, we have been able to prepare [4] and [5]triangulanes 7 and 8 in enantiomerically pure forms, and we are well on our way to access even enantiomerically pure linear [9]triangulane 9. When we were engaged in the conformational analysis of bicyclopropyl some 40 years ago, 16 we did not anticipate that this investigation would ever have any relevance to natural products chemistry. Indeed, nature produces com pounds which contain fatty acid residues with four and even five consecutive cyclopropyl groups as in 10 and 11, respectively. 17 Hydrocarbons which consist of spirofused cyclopropyl groups only, have been termed [n]triangulanes, in which n designates the number of spirofused rings. 18 Spiro pentane is the smallest member in this class of compounds. Further spirolinkage of cyclopropyl groups can lead to linear (LT), branched (BT) and even cyclic triangu lanes (CT).
[3]Rotane 1 is a particular case of a branched [4]tri angulane. It was first synthesized by Conia et al. by cyclopropanation of bicyclopropylidene (3) with diazo cyclopropane generated in situ from N nitrosocyclo propylurea (12). 14 Scheme 1
A better access was later developed by Erden 19 and Zefirov et al. 20 The key step in this approach is the addi tion of chloromethylcarbene onto bicyclopropylidene (3) to yield 13 (see Scheme 1). The dehydrochlorination with potassium tert butoxide leads to 7 methylenedi spiro[2.0.2.1]heptane which is cyclopropanated with diazomethane under palladium acetate catalysis.
The essential precursor to [3]rotane 1, bicyclopropyl idene 3, is now easily produced in multigram or even kilogram quantities by the drastically improved synthesis starting from methyl cyclopropanecarboxylate (15). Uti lizing the conversion of esters to cyclopropanols by treat ment with two equivalents of ethylmagnesium bromide in the presence of titanium tetraisopropoxide according to Kulinkovich et al., 21 15 furnishes 1 cyclopropylcyclo propanol (16) in virtually quantitative yield (Scheme 2). This cyclopropanol is converted to bromide 17 by treat ment with the triphenylphosphine dibromide complex in methylene chloride in the presence of pyridine, and the resulting bromide 17 is dehydrobrominated with potas sium tert butoxide in DMSO. 13 Bicyclopropylidene (3) is also the key intermediate en route to perspirocyclopropanated (second generation)
